This work investigated the effect of different carriers on the powder properties during spray drying of tamarind pulp extract. A pilot-scale spray dryer was used for the spray drying process. Maltodextrin 21DE, gum acacia, and a combination of both maltodextrin/gum acacia were used as drying agents. Tamarind pulp extract was spray dried at different conditions with inlet temperatures of 150-180 • C, outlet temperature of 80-110 • C and 11-14 • Brix. Optimization for different carriers was initially done based on the yield of spray dried powder. The three best tamarind pulp extract powders were chosen from three different carriers. Physical and structural parameters were analyzed for the three best powders. The results revealed that the best powder on the basis of physical and structural properties was obtained at the 155 • C inlet temperature, 100 • C outlet temperature, 12 • Brix, and tamarind pulp extract-maltodextrin ratio 70:30.
INTRODUCTION
Spray drying has been widely utilized for commercial production of dried fruits and vegetables. Spray-dried powders have good reconstitution characteristics, low water activity, and are suitable for transport and storage. [1] Spray drying is a technique widely used in many industries, as an effective method to obtain various dried products. [2] However, applications of spray drying of fruit and vegetable juice are very limited. Jayaraman and Das Gupta [3] discussed spray drying of fruit juices, pulps, and pastes with additives. Fruit juices that have been spray dried include tomatoes, bananas and, to a limited extent, citrus fruit, peaches, and apricots.
In spray-drying technique, a coated material protects the bioactive compounds. [4] The high sugar content primarily with the reducing sugars, glucose and fructose, and acidity in fruit juice presented a problem. [5] At low moisture levels the products are very hygroscopic, readily picking up moisture from the air to become sticky and difficult to handle. Maltodextrins (MDs) or other low dextrose equivalent (DE) corn syrups can reduce the stickiness of the powder. [6] Gum arabic, a natural plant polysaccharide exudates of acacia, is well-known effective wall material used for many years and is still a good choice because of its stable emulsion formation and good retention of volatiles. [7] Several additives such as MD, gum acacia, and gelatine serve as drying aid to facilitate drying. [8] Microencapsulation efficiency and antioxidant properties were found to be higher at 90 • C outlet temperature (OT) of the spray dryer using 1.5:1 wall-to-core ratio feed in drying of Garcinia Cowa fruit extract with whey protien isolate. [9] Some parameters has to be optimized for obtaining powders with desirable characteristics through spray-drying microencapsulation. [10] Processing of fruit pulp could become a promising method if on one hand the stability of the powder is enhanced and the volatile compounds of the fruit can be retained during the operation, and on the other hand if the processing surface area can be extended. [11] A study conducted on drying of tomato pulp proved that the influence of different drying air temperatures (65, 75, and 85 • C) and different foaming agents (carboxy methyl cellulose, milk, and egg white) influenced the properties of dried tomato powder. [12] Tamarind pulp is much appreciated in condiments, is used to make juice, and is a good source of proteins, fats, and carbohydrates that could be used to alleviate malnutrition in children. [13] The fruit pulp is the richest natural source of tartaric acid and is the main acidulant used in the preparation of foods in India and other Asian countries. [14] The fruit is also used as a raw material for the manufacture of several products, including T. Indica kernel powder, porridge, tartaric acid, tamarind juice concentrate, jam, syrup, candy, champoy, local wine and fodder for livestock. [15] In soft drinks, tamarind fruit pulp extract is used as a replacement for chemical acidulants like citric and phosphoric acid, which are also popular in South East Asian and South American countries. [16] The pulp is usually removed from the pod and used to prepare various products. [17] But despite its widely-accepted potential importance, tamarind remains underexploited and unimproved in many countries. To date, scientific research on tamarind has been limited to biochemical analysis, [18] genetic diversity, breeding systems, and pollination-related issues. [19] In this context, the aim of the present study was to optimize the effect of different parameters to obtain powders of tamarind pulp extract (TPE) produced by spray drying with desirable characteristics for all of the investigated responses. For this purpose, the effect of different encapsulating agents (MD and acacia gum) coupled with drying temperatures were investigated to obtain powder with improved physical and structural characteristics.
MATERIALS AND METHODS

Material
The tamarind fruits (Tamarindus indica L.) were collected from the field of fruit crops at the Krishnagiri district of Tamil Nadu, India. The fruits were shelled, the pulp separated from seeds, and fiber was stored in plastic containers at room temperature.
Preparation of Sample
Approximately 30 g of tamarind flesh was weighed and soaked in 90 mL water at 40 • C for 15 min. Pulp was squeezed, extracted, filtered, and stored in clean glass containers at a temperature of 4 • C. Carrier agents were added in the ratio of 20-40% to the extracted tamarind pulp. The following carrier agent were assessed (1) MD; (2) gum acacia; (3) Combination of MD and gum acacia. A solution was prepared with 12% concentration of pulp: carrier ratio and diluted with water of 40 • C, which showed levels of 12% ± 1 of soluble solids and 88% ± 0.3 of moisture. The resulting mixtures were homogenized in a magnetic stirrer and subjected to spray drying. The TPE powder was obtained using a pilot scale spray dryer LSD 20-T with counter current airflow. The inlet temperatures (IT) under assessment for each carrier agent were 150-180 • C. The outlet temperatures (OT) varied according to the ITs. The equipment was used with a pressure of 1 kg/cm 2 . The feed flow rate of the extracts was 12 rpm/min. The powders obtained were packed in polyethylene bags containing a laminated layer, and the packages were stored in the dark. The system was operated for 84 runs to optimize the best yield with three different carriers.
Product Yield, Moisture Content, and Color
The product yield was calculated as the ratio of the amount of TPE powder collected after every spray drying experiment to the initial amount of solids in the feed solution. The moisture content was determined based on AOAC method. [20] Triplicate samples of TPE powder (20 mg) were weighed and dried in a vacuum oven at 70 • C. The drying and weighing processes were repeated until constant weight was obtained. The color of the TPE powder sample was determined using a Hunter Lab color flex model A60-1012-312 (Hunter Associates laboratory, Reston, VA) calibrated each time with a white and black standard. The results were expressed as Hunter color values of L * , a * , and b * , where L * was used to denote lightness, a * redness and greenness, and b * yellowness and blueness. Hunter color values of the samples for each treatment method were measured in triplicate. [21] Bulk and Tapped Density Bulk density (g/mL) was determined by gently adding 2 g of TPE powder into an empty 10 mL graduated cylinder and holding the cylinder on a vortex vibrator for 1 min. The ratio of mass of the powder and the volume occupied in the cylinder determines the bulk density value. For tapped density same cylinder was tapped by hand on a bench for 100 times from a height of 10 cm and calculated by dividing mass of the powder by new volume occupied by the sample.
Hygroscopicity and Wettability
Hygroscopicity was defined as the moisture mass (g) absorbed by 100 g of the powder during seven days of storage at 25 • C and 76% relative humidity (RH) (in a desiccator with a barium chloride saturated solution), which was a modification from the method described by Goula et al. [22] The wettability was evaluated according to the method described by Vissotto et al., [23] considering the time required for 1 g of powder deposited on liquid surface to become completely submersed in 100 mL of distilled water in 250 mL beaker at 25 • C.
Particle Size Distribution
The particle size was resolved using a laser light diffraction instrument (Malvern Instruments, Malvern, UK). A small amount of powder was dispersed in water under magnetic agitation, and the distribution of particle size monitored during three successive measurements. The particle size was expressed as nm, the mean diameter over the volume distribution, which is generally used to characterise a particle.
Scanning Electron Microscopy (SEM)
The microstructure of the particles was evaluated using SEM. Powders were attached to SEM stubs using a double scotch tape and sputter coated with carbon (2 min, 2 mbar). The coated samples were observed with S-3400N (Hitachi) scanning electron microscope at 5 kV and magnification 20 μm.
Statistical Analysis
The experiments were carried out in triplicate and results were presented as mean values with standard deviations. Different mean values were analyzed by analysis of variance (ANOVA) and Duncan's new multiple range tests (DMRT) using SPSS software version 13.0 (SPSS Inc., Chicago, IL, USA).
RESULTS AND DISCUSSION
Product Yield, Moisture Content, and Color
Increasing of carrier agent concentration in TPE significantly increased the process yield. It is related to increasing the glass transition temperature "Tg" values of the amorphous fractions in the mixtures that are rich in low Tg components. This is in agreement with the results of Shrestha et al. and
Quek et al. [24, 25] According to yield calculated from 84 different runs with three different carriers Figure 1 shows the effects of carrier agents on the yield of spray-dried powders.
Moisture content is an important powder property, which is related to the drying efficiency. Furthermore, lower moisture content limits the ability of water to act as a plasticizer and to reduce the glass transition temperature. Moisture content of TPE powders varied from 2.69 to 3.52% (Table 1) , close to the values reported by Quek et al., [26] working with spray dried watermelon powder. TPE powder produced with 30% of (1:1) MD + gum acacia combination (SP3) showed significant lower moisture content in comparison to other samples. This behavior showed that there was a significant effect due to combination of MD and gum acacia. According to the results, the color parameters of TPE powders were located in the first quadrant of Hunter lab color diagram (+a * and +b * ), corresponding to the region of red and yellow as shown in Table 1 . Lightness values were significantly lower for the samples produced using gum acacia (SP2) or both carrier agents (SP3), indicating that these powders were slightly darker. The use of gum acacia and combination of both carrier significantly increased parameter a * and leading to the formation of more red powders. This behavior can be attributed to the fact that gum acacia naturally has a high darkness in color, hence, there was a decrease in lightness in tamarind pulp powder produced with the same as carrier. There was significant effect in powders due to carriers with response to color values. Similar results has been observed in drying of aonla shreds with Amalgamated blanching. [27] Bulk and Tapped Density
In this study, the bulk density of TPE powder was significantly affected by the carriers (Table 1) . Powders produced with gum acacia (SP2) had low bulk density when compared to the spray dried powders produced by MD (SP1) and combination of MD + gum acacia (SP3). The advantage of obtaining powders with higher density is that they can be stored in large amounts into smaller containers when compared to products with lower densities. This is consistent with the findings of a number of studies, at very high temperatures, very high drying processes are achieved implying a lower shrinkage of the droplets, and so a lower density of the powder. [28] With respect to tapped density (Table 1) , all the samples showed similar values, not significantly differing between each other. The knowledge of food density is important for processing, packaging, storage, and shipping. Tapped density corresponds to the real solid density and does not consider the spaces between the particles, in contrast to the bulk density, which takes into account all these spaces. The lower the bulk density, the more occluded air within the powders and, therefore, a greater possibility for product oxidation and reduced storage stability. Lower bulk density also implies in greater volume for packaging. [29] Hygroscopiscity and Wettability
The results of the hygroscopiscity test for the first 2 h at 21 • C and 76% RH are presented in terms of the rate of moisture absorption in g of H 2 O/kg dry solids min −1 . TPE powder is expected to be hygroscopic due to its high sugar content and it was observed that all of them turned into a dark brown-red toffee after 15 h of exposure to 76% RH. The hygroscopiscity of spray-dried powders slightly decreased with increased inlet air temperature, and hygroscopicity of samples is shown in Table 1 . Lower molecular weight powders contain more hydrophilic groups, and are more susceptible to water adsorption. [30] As observed in Table 1 , TPE powder produced with MD (SP1) showed the lowest wettability values and the highest mean diameter. Wettability is inversely related to the particle size, because larger particles show more spaces between them, being more easily penetrated by water. On the other hand, smaller particles are less porous, making the liquid penetration into the food matrix more difficult, which results in poor reconstitution properties.
Particle Size Distribution
Particle mean diameters varied from 147.9 to 480μm ( Fig. 2A-2C) . The microcapsules produced from mixtures of MD (SP1) showed greater size ( Fig. 2A) , probably due their higher emulsion viscosity. The atomized droplet size differs with emulsion viscosity at a constant atomization speed. The study by Hogan et al. [31] on fish oil encapsulation using sodium caseinate and carbohydrates as wall material showed that larger droplets are formed during atomization with higher emulsion viscosity, hence larger powdered particles obtained.
Particle Morphology
SEM microstructures of TPE powders produced with different wall material combinations are shown in Fig. 3A-3C . Spherical shape, various sizes with no apparent cracks or fissures was the morphology exhibited by the powders. It was found to be an advantageous morphology since it shows that capsules have lower permeability, increasing protection and retention of the active material. The variation in size is an acceptable character of spray dried particles. It confirms that there was a significant effect of different wall materials on micro-particle morphology. This is more evident in the SEM images of MD (SP1), since this carrier resulted in microspheres with smoother surface and fewer teeth or roughness.
CONCLUSION
The physical parameters were affected by carriers, temperature and Brix. Addition of carriers reduced the stickiness and altered the physical properties of the TPE powders. The maximum ratio of TPE/MD in the liquid feed was made possible with DE21 MD (SP1). MD was more effective in the preservation of physical characteristics of spray dried TPE powder, because powder produced with this carrier agent obtained better reconstitution properties. With respect to morphology, all the samples exhibited a large number of irregular particles with spherical shapes. Particles produced with gum acacia were smaller and more shrivelled, which contributed to the increase in wettability values. The use of MD resulted in powders with good quality, which can be used as natural food acidulant in the production of dry mixes, beverages, desserts, and other products.
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